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INTRODUCTION 


Since  the  pioneering  work  on  Skylab's  S-193  radar  altimeter,  NASA  has  embarked  In  the 
development  and  production  of  Improved  satellite  radar  altimeters.  The  first  totally 
dedicated  satellite  radar  altimeter,  the  Geodetic  Experimental  Ocean  Satellite  (GEOS-3, 
Figure  1),  was  launched  on  April  9,  1975.  A  newer,  more  sophisticated  Instrument  was 
placed  aboard  SEASAT  (Figure  2)  which  was  launched  on  June  28,  1978. 

The  GEOS-3  radar  altimeter  was  designed  to  operate  on  a  frequency  of  13.9  GHz  with 
both  a  global  and  an  Intensive  mode.  The  Intensive  mode  produces  a  compressed  pulse  of 
12.5  nanoseconds  and  provides  measurements  with  a  precision  of  about  20  cm  from  a  one 
second  average.  This  configuration  yields  a  footprint  size  of  3.6  km  wide  and  11  km  along 
the  track  from  an  orbit  of  840  km  altitude,  an  Inclination  of  115°  and  a  period  of  101.8 
minutes.  SEASAT  was  also  designed  to  operate  at  a  frequency  of  13.9  GHz  but  with  a  pulse 
compressed  to  3  ns  which  provided  measurements  with  a  precision  of  about  10  cm  for  a  one 
second  average.  The  footprint  produced  by  SEASAT 's  configuration  Is  of  1.6  km  In  width 
and  12  km  along  the  track.  The  orbit  Is  about  800  km  high  with  an  Inclination  of  108°  and 
a  period  of  100.75  minutes.  Detailed  technical  discussions  on  both  GEOS-3  and  SEASAT 
altimeters  can  be  obtained  from  Hofmelster  et  a^^.  (ref.  1)  and  from  Townsend  (ref.  2), 
respectively. 

Three  products  from  these  radar  altimeters  that  have  had  large  oceanographic  Implica¬ 
tions  are  the  ocean  dynamic  heights  (DH),  the  significant  wave  heights  (SWH)  and  the 
surface  wind  speed  (WS).  The  algorithms  to  obtain  these  three  estimates  from  the  radar 
return  pulse  have  been  developed  under  rigorous  statistical  analysis  and  they  have  proven 
to  be  as  good,  and  often  times  more  accurate,  than  any  available  hydrographic  data  (ref. 

3).  A  summary  on  the  development  of  the  estimates  for  DH,  SWH  and  WS  has  been  presented 
to  the  United  States  Department  of  Interior,  Bureau  of  Land  Management,  New  Orleans  Outer 
Continental  Shelf  Office  (USDI/BLM,  NOOCSO)  for  the  South  Atlantic  Bight  (SAB)  (ref.  4). 
The  present  study,  also  sponsored  by  USDI/BLM,  NDOCSD  is  similar  in  nature  with  the  addi¬ 
tion  of  SEASAT  data  which  were  not  Included  In  the  SAB  study. 

The  estimates  by  both  sensors,  GEOS-3  and  SEASAT  agree  over  the  position  of  western 
boundary  currents  and  In  the  relative  definition  of  the  DH  as  demonstrated  by  Leltao  et 
a1.  (ref.  5).  A  similar  comparison  between  the  two  sensors  and  from  ground  truth  was 
reported  at  the  Second  SEASAT  Gulf  of  Alaska  Workshop  (ref.  6).  This  report  Indicates 
that  the  SEASAT  results  compare  well  with  both  GEOS-3  and  ground  truth  measurements. 


DATA  PROCESSING 


Data  processing  for  DH,  SWH  and  WS  from  both  GEOS-3  and  SEASAT  radar  altimeters 
followed  procedures  very  similar  to  those  used  for  the  SAB  study.  So,  as  to  avoid  a 
lengthy  discussion  on  the  algorithm  development  and  the  analytical  procedures  used  for 
this  study,  only  those  which  differ  from  the  material  Included  In  the  SAB  report  (ref.  4) 
are  Included  here. 


Sea  Surface  Dynamic  Height  Profiles 

The  procedures  used  to  obtain  sea  surface  DH  profiles  differed  from  those  outlined  in 
the  SAB  report  (ref.  4)  on  two  fundamental  aspects.  The  first  Is  that  the  5'  x  S'  gravi¬ 
metric  geold  for  the  NU  Atlantic  (ref.  7),  obviously  could  not  be  used  for  the  Gulf  of 
Hexico.  A  new  gravimetric  geold  was  obtained  from  the  Defense  Mapping  Agency  (DMA)  with 
a  resolution  of  30'  x  30*  (Figure  3).  The  Implications  on  the  use  of  this  geold  are 
serious  and  are  explained  In  detail  In  the  discussion  section  below.  It  Is  sufficient  to 
say  here  that  a  30'  x  30*  geold  resolution  Is  not  fine  enough  to  resolve  the  geold  heights 
accurately  enough  for  this  tyi)e  of  study.  The  second  difference  between  the  present  study, 
and  the  SAB  study  Is  the  length  and  location  of  the  straight  line  fit  to  the  geold. 
Presently  the  entire  altimeter  profile  over  the  Gulf  of  Mexico  Is  fit  to  the  geold  whereas 
In  the  SAB  the  fit  was  done  only  over  oceanographic  static  areas,  that  Is,  areas  with 
minimum  dynamic  slopes.  The  reason  for  this  change  In  methodology  Is  that  It  Is  almost 
liqjosslble  to  obtain  an  oceanographic  static  area  In  the  Gulf  of  Mexico,  particularly  in 
the  Eastern  Gulf.  This  Is  due  to  the  numerous  and  pronounced  northward  Intrusions  of  the 
Gulf  of  Mexico  Loop  Current  (ref.  8)  and  Its  associated  eddies. 


Sea  Surface  Topographic  Variations 

Since  the  gravimetric  geold  received  from  DMA  did  not  model  the  geold  accurately,  it 
was  decided  that  only  the  seasonal  variations  from  an  overall  mean  would  have  statistical 
significance.  A  three  year  mean  topographic  map  (Figure  4)  and  a  three  year  standard 
deviation  map  (Figure  5)  were  calculated  using  all  available  GEOS-3  and  SEASAT  passes  over 
the  Gulf  of  Mexico  (Figure  6)  averaging  the  OH  profiles  within  a  15'  grid.  It  is  obvious 
that  such  a  topographic  map  Includes  all  the  errors  found  In  obtaining  the  differences 
between  a  highly  accurate  altimeter  profile  and  a  grossly  interpolated  geold  heights 
profile.  The  sea  surface  topographic  variations  are  considered  free  of  this  type  of 


Interpolation  error  since  they  are  calculated  by  obtaining  the  difference  between  two 
values  from  each  of  which  value  the  geold  has  been  subtracted.  These  variations  were 
obtained  by  calculating  a  profile  of  the  three  year  mean  surface  along  each  subsatellite 
track.  Such  profiles  were  obtained  by  Interpolating  values  on  a  15'  grid,  and  they  were 
then  subtracted  from  the  DH  profile  for  each  pass  so  as  to  obtain  a  pass  by  pass  varia¬ 
tion.  Since  the  temporal  distribution  of  all  passes  Is  not  evenly  distributed,  the  pass 
variations  were  combined  seasonally  within  each  year  from  Spring  of  1975  to  Fall  of  1978. 
The  topographic  variation  maps  are  then  the  average  of  the  pass  by  pass  variation  calcu¬ 
lated  over  a  15*  grid  over  the  entire  Gulf  of  Mexico  and  processed  seasonally  (see  Appen¬ 
dix  A). 


Significant  Wave  Height 

Data  processing  for  SWH  for  the  GEOS-3  altimeter  Is  discussed  In  the  SAB  report 
(ref.  4)  and  for  SEASAT  In  MacArthur  (ref.  9).  One  point  to  remen*er  Is  that  the  SEASAT 
altimeter  computed  SWH  onboard  the  spacecraft  and  provided  It  In  the  data  stream  at 
approximately  a  10/s  rate,  whereas  the  GEOS-3  SWH  was  computed  on  the  ground  from  the 
waveform  sampler  data.  For  the  purpose  of  this  study  the  10/s  SEASAT  data  was  averaged 
over  a  telemetry  major  frame  on  the  ground  to  yield  a  data  rate  of  approximately  1/4.6  s. 
For  GEOS-3  SWH  was  provided  at  the  major  frame  rate,  which  Is  1/3.2  s  for  the  high  data 
rate  and  1/2.0  s  for  the  low  data  rate.  The  histograms  for  significant  wave  height  are 
presented  In  Appendix  B.  In  each  figure,  the  abscissa  (x  axis)  Is  graduated  in  meters  and 
the  ordinate  (y  axis)  Is  graduated  In  percent.  In  addition,  each  bln  of  the  histogram  Is 
labelled  with  the  actual  number  of  samples  Included  In  the  bln  and  each  figure  contains 
the  number  of  points  In  the  total  distribution  as  well  as  the  mean  and  standard  deviation 
of  the  distribution.  The  study  region  was  divided  Into  two  areas:  east  and  west,  at  90°W 
longitude. 


Surface  Wind  Speed 

The  computation  of  wind  speed  for  SEASAT  Is  very  similar  to  that  for  GEOS-3  which  is 
*  discussed  In  the  SAB  (ref.  4).  One  difference  Is  that  the  plot  of  versus  wind  speed 

for  SEASAT  suggests  a  two  cusped  curve  (Figure  7)  rather  than  the  one  cusped  curve 
(Figure  8)  of  GEOS-3.  Although  the  one  cusp  Is  obvious  In  the  GEOS-3  plot,  the  two  cusps 
are  not  readily  noticed  in  the  SEASAT  plot  because  It  is  done  in  a  log  x  log  scale.  For 
both  SEASAT  and  GEOS-3  wind  speed  Is  confuted  from 
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and  OgCO**)  Is  given  In  dB.  The  values  of  A  and  B  for  GEOS-3  are  given  In  SAB  (ref.  4). 

For  SEASAT  the  values  are  A  >  0.01595  and  B  >  0.017215  for  winds  below  7.81  m/s.  For 
winds  between  7.81  and  10.03  m/s  the  values  are  A  -  0.039893  and  B  >  -0.031996.  And,  for 
winds  greater  than  10.03  m/s,  A  «  0.080074  and  B  »  -0.124651.  For  wind  speeds  less  than 
or  equal  to  16  m/sec  there  Is  a  polynomial  correction.  For  a  detailed  discussion  of  this 
correction  see  Brown  et  (ref.  10).  For  SEASAT  the  0^^,  corrected  for  pointing  angle, 
was  Initially  computed  at  a  10/s  rate.  These  values  were  then  used  to  compute  10/s  wind 
speeds  which  were  averaged  to  yield  the  same  1/4.6  s  rate  as  for  SUH.  The  data  rates  for 
wind  speed  for  &E0S-3  are  the  same  as  for  SWH;  1/3.2  s  for  the  high  data  rate  and  1/2.0  s 
for  the  low  data  rate. 

During  the  course  of  this  study,  some  anomalous  GEOS-3  passes  were  discovered  which 
contained  wind  speeds  of  20  to  40  m/s  and  for  which  no  plausible  explanation  could  be 
found.  The  preponderance  of  these  passes  was  In  July  1975  with  a  few  others  scattered 
through  August,  September,  and  October  of  1975.  Since  no  surface  phenomena  could  be  found 
to  explain  these  data,  and  since  they  did  produce  slight  changes  In  the  final  statistics, 
they  were  edited  from  the  final  data  set.  The  following  table  shows  the  number  of  points 
edited  for  each  of  these  four  months  as  well  as  tite  percentage  of  data  edited  for  each 
month  and  the  percentage  for  the  total  of  that  month  over  the  entire  GEOS-3  mission.  A 
total  of  290  data  points,  which  represents  approximately  one  percent  of  the  GEOS-3  WS 
data,  was  edited  for  this  reason.  Histograms  appear  In  Appendix  C. 


Month 

i  Pts.  Edited 

%  of  Data 

GEOS  %  of  Total 

July  1975 

176 

75 

5 

August  1975 

41 

9 

1 

September  1975 

10 

3 

0.3 

October  1975 

63 

5 

3 
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RESULTS  AND  DISCUSSION 


The  results  and  discussion  of  this  material  Is  best  presented  under  the  three  follow¬ 
ing  subcategories:  Analysis  of  Sea  Surface  Topographic  Variations;  Analysis  of  Signifi¬ 
cant  Wave  Height  Histograms;  and  Analysis  of  Surface  Wind  Speed  Histograms. 


Analysis  of  Sea  Surface  Topographic  Variations 

To  fully  document  the  sea  surface  variation  maps  shown  In  Appendix  A,  the  Implica¬ 
tions  of  the  problems  associated  with  the  gravimetric  geold  used  to  obtain  the  residuals 
from  the  altimeter  heights  must  be  fully  understood.  Geoldal  undulations  of  small  hori¬ 
zontal  scales  but  ranging  In  amplitude  from  one  to  four  meters  appear  poorly  modelled  and 
caused  Inaccurate  results  In  the  DH.  For  example.  If  a  geoldal  undulation  happens  to 
cover  an  area  within  the  30'  grid  It  can  very  well  be  that  the  Interpolated  geold  heights 
over  such  area  will  differ  by  as  much  as  four  meters  from  the  altimeter  reading.  There  Is 
little  doubt  that  such  large  excursions  In  the  residuals  are  caused  by  the  lack  of  geoldal 
resolution. 

Another  problem  associated  with  the  variation  maps  Is  that  the  mean  surface  topog¬ 
raphy  Is  greatly  biased  by  the  large  number  of  passes  In  the  last  few  months  of  the  study. 
An  Inspection  of  a  frequency  distribution  of  passes  (Figure  9)  leaves  no  doubt  that  Sunwr 
and  Fall  1978  carry  very  heavy  weights  In  a  mean  surface  topography.  Furthermore  seasonal 
maps  obtained  from  Just  a  few  passes  contain  large  areas  of  Interpolated  results  which 
should  be  viewed  with  deep  reservations.  Fortunately  these  Interpolated  areas  can  be 
readily  noticed  since  the  contour  lines  appear  as  almost  straight  lines.  For  exaiq>le, 
coverage  of  Sumner  1977  shows  there  Is  a  large  area  In  the  western  middle  Gulf  of  Nexico 
centered  around  27®N,  267®E  where  there  are  no  altimeter  passes,  the  topography  for  that 
same  season  shows  the  distinct  straight  lines  Indicative  of  the  automatic  Interpolation 
which  Is  performed  to  fill  In  grid  squares  void  of  values.  Yet  the  variations  shown  on 
that  same  map  for  the  Eastern  Gulf  are  reliable  since  there  Is  a  good  distribution  of 
passes . 

Analysis  of  the  altimeter  coverage  for  the  fifteen  seasonal  topographic  variation 
maps  (see  Figures  10,  11,  12,  and  13)  reveal  that  the  first  two  maps  are  totally  unre¬ 
liable  because  of  poor  coverage.  Eight  other  seasons  show  fairly  good  coverage  for  the 
Eastern  Gulf  but  poorly  covered  In  the  Western  sectors.  The  remaining  five  seasonal  maps 
show  excellent  coverage.  It  Is  Important  to  note  that  only  the  very  major  features  can 
be  obtained;  many  smaller  variations  may  be  due  to  ocean  dynamics  but  the  results  are 
Inconclusive  at  best.  The  probability  that  features  In  excess  of  150  cm  shown  In  these 
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maps  are  caused  by  dynamic  features  In  the  Gulf  of  Mexico  Is  high.  Some  1ai^e  features, 
such  as  the  -200  to  -250  centimeter  low  centered  at  about  24®N,  271°E,  are  not  dynamic; 
this  one  In  particular  Is  produced  by  poor  geoldal  resolution  at  the  steep  gradients  over 
the  Campeche  Escarpment. 


Analysis  of  Significant  Wave  Heights 

As  In  the  SAB  report  (ref.  4),  the  analysis  of  SWH  and  US  climatology  must  address 
the  Impact  of  spatial  and  temporal  sampling.  The  US  analysis  Is  described  In  the  next 
section.  In  this  section,  the  SWH  climatology  In  the  Gulf  of  Mexico  Is  described.  The 
same  data  products  that  were  generated  for  the  SAB  report  (ref.  4)  are  used  here. 

Figure  14  shows  the  variation  of  the  mean  of  bi-monthly  wave  height  distributions  and  the 
change  of  the  variance  of  these  distributions  with  time  from  May  1975  to  October  1978. 

The  key  observation  to  make  Is  the  small  magnitude  of  the  mean  wave  height.  Only  In  the 
winter  of  1976  did  the  mean  height  exceed  2  m.  Of  course,  the  Gulf  of  Mexico  Is  a  body  of 
water  that  has  limited  fetch  because  of  Its  dimensions,  and  It  lies  within  a  zone  of 
latitude  that  does  not  support  the  cyclone-type  disturbances  that  produce  high  sea  states 
at  higher  latitudes.  Because  of  the  altimeter's  design.  It  Is  a  more  reliable  sensor  for 
high  wave  heights  than  for  low  (ref.  11).  Indeed,  for  wave  heights  below  2  m,  the  altim¬ 
eter  measurement  Is  quite  noisy.  That  Is,  It  Is  modulated  with  random  errors.  To  further 
complicate  the  Issue,  for  the  time  period  during  which  both  GEOS-3  and  SEASAT  SWH  measure¬ 
ments  are  available,  the  random  contributions  from  the  two  sensors  are  different  (ref.  11). 
Figure  15  shows  that  there  Is  a  slightly  larger  mean  SWH  for  the  composite  winter  months 
than  for  the  sumner.  Therefore,  the  data  display  the  expected  behavior  with  the  seasons. 

A  quantitative  representation  of  SWH  In  the  Gulf  of  Mexico  using  altimeter  data  should, 
however,  be  avoided  because  of  the  noisiness  of  the  satellite  altimetry  measurement 
process  for  low  SWH. 


Analysis  of  Surface  Wind  Speed 

The  situation  Is  Improved  for  the  wind  speed  data  sets  as  shown  In  Figure  16. 
Distinct  seasonal  fluctuations  can  be  seen  that  exceed  the  RMS  error  associated  with  the 
altimeter's  wind  speed  measurement.  This  was  conservatively  set  at  +2.5  m/sec  by  Brown 
(ref.  12).  The  variance  record  also  contains  a  small  seasonally  variable  component.  The 
composite  record  In  Figure  17  closely  resembles  the  corresponding  result  In  the  SAB 
report.  There  does  not  appear  to  be  a  systematic  difference  between  the  eastern  and 
western  sectors  of  the  Gulf. 
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Figure  2.  SEASAT  satellite. 
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Figure  9.  Seasonal  frequency  distribution  of  altimeter  passes  over  the  Gulf  of  Mexico 
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Figure  11.  Seasonal  coverage  Spring,  Summer,  Fall  '76,  Winter  '76,  '77. 
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Figure  13.  Seasonal  coverage  Spring,  Summer,  Fall  '78. 
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Monthly  distribution  of  the  mean  significant  wave  height  and  its  variation. 
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Figure  16.  Average  monthly  significant  wave  height  for  the  eastern  and  western  Gulf. 
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DEOS  DfiTfl-  JfiNUflRY 
ENTIRE  GULF  OF  MEXICO 
N  =  1610-  MEAN  =7.35  SIGMP  =2-9 


C-3 


'  2-4  '  4-6  '  6-8  '  8  -  10  '  10-12  ’  12-14  '  14-16  '  16^  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  OflTfl-  FEBRUORY 
EASTERN  GULF  OF  MEXICO 
N  =  726.  MEAN  =  6-71  SIGMA  -  3-20 


C-4 


PERCENT 


1 00-1 


8C-^ 


60H 


40-^ 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DflTP-  FEBRUARY 
WESTERN  GULF  OF  MEXICO 
N  =  134.  MEAN  =  7.51  SIGMA  =  3-8 


C-5 


0 _ 

16-f 


0  -  2  ^  2  -  4  4  -  6  ^  6-8  '  '  8  -  IC  '  10-12  '  12-14  '  14-16  '  16-^  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DflTfl-  FEBRUARY 
ENTIRE  CULP  OF  MEXICO 
N  =  860-  MEAN  =6-83  STGMA  =  3-3 


C-6 


PERCDiT 


DISTRIBUTION  OP'  WIND  SPEED  IN  METERS  PER  SECOND 

DEOS  DfiTfi-  MPRCH 
EASTERN  GULF  OF  MEXICO 
N  =  1345-  MEAN  =  5-96  SIC-MA  =  3-00 


C-7 


!CSn 


8C4 


7, 


DI£TR!tiUTl(]N  OF  WINC  £FEtO  IN  ^ER  SECOND 

C-LOS  Diilfi-  fl'iRCH 
WESTERN  CtULF  Of  K-EXICO 
N  =  43A  NEON  =  7. ’6  SICNO  -  C  -0 


C-8 


PERCLNT 


DISTRIBUTION  OF  WIND  SFEfO  IN  METERS  PER  SECOND 

C-EOS  DfiTfi-  MQRCH 
ENTIRE  GULF  OF  MEXICO 
N  =  1779.  MEAN  =  6-2S  SIGM9  =  3-0 


C.9 


PERCLNT 


PERCLMT 


ICC-, 


CrSTRieUTION  or  wind  sfeed  in  neters  per  second 

DEOS  DfiTfi-  RPRIL. 

WESTERN  GULF  OF  t^.EXlCO 
N  =  603-  MEAN  =  b' -  1  7  SlCnO  -  2-7 


C-ll 


0 

IS*  ' 


T  2-4  '  4-S  '  5-8  '  8-10'  10-12  '  ’.2-14  '  \4-l6  '  15^  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DRTfi-  fiPRIL. 

ENTIRE  GULF  OF  MEXICO 
N  =  2340-  MEfiN  =  6-17  5! GUP  -  2.7 


G-12 


'/'///y///,  :  y/y. 


A  -  6  '  5-3 


CISTRieUTION  or  WIN 


EfiSTl 


N 


1567  . 


MEfiN 


GULP  or  MEXICO 


PERCLNT 


1  ‘*'‘**-. 


60-| 

I 

I 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

DEOS  OflTfl-  MCiY 
WESTERN  GULF  OF  MEXICO 
N  =  23Z  .  MEAN  =  S-12  SIGMA  -^2  1 


0 

15+  ' 


C-14 


PERCLNT 


C  0  0 

T2-14  '  14-15  '  15+  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

&E06  DfiTfi-  MRY 
ENTIRE  GULP  OF  MEXICO 
N  =  1S33.  MEfiN  =  4.66  SIGMO  2-4 


C-15 


0  -  Z  '  Z  -  4 ' 4-6 ’ 6-8 ’ S  -  IC  ' IC-IZ  ' IZ-I4  ' 14-16  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

DEOS  DRTfi-  JUNE 
EASTERN  GULP  OF  MEXICO 
N  =  1494.  MEAN  =  4-70  STQ.MA  2,43 


16+ 


C-16 


PERCLNT 


ICO 


so- 


60-4 


DISTRIBUTION  OP  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  OflTR-  JUNE 
WESTERN  GULF  OF  MEXICO 
N  =  346-  MEAN  =  4.14  SIC-MR  =  1-7 


C-17 


Z  '  Z  -  4  '  4-6  '  6-8  '  8-lC'  IC-IZ  '  IZ-1«  '  1*-16  '  16^ 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

DE3S  DRTfi-  JUNE 
ENTIRE  DULF  OF  MEXICO 
N  =  1340.  MERN  =  4.b9  STGMfi  -  2.3 


18 


PERCENT 


lOth 


80^ 


DISTRIBUTION  OF  WIND  SPEED  IN  NETERS  PER  SECOND 

GEOS  DfiTfi-  JULY 
EASTERN  GULF  OF  MEXICO 
N  =  2524.  MEAN  =  4.28  SIGMA  _  2.26 


C-19 


PERCENT 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTfl-  JULY 
WESTERN  GULF  OF  MEXICO 
N  =  640.  MEAN  =  4.80  SIGMfl  =  3.0 


C-20 


PERCENT 


IQO-I 


9CH 


6(H 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DflTfi-  JULY 
ENTIRE  GULF  OF  MEXICO 
N  =  3164.  MEAN  =  4.38  SIGMA  =  2.4 


C-21 


0-2  '  2-4  '  4-6  '  6-S  '8-10'  10-12  '  12-14  '  14-16  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DATA-  AUGUST 
EASTERN  GULF  OF  MEXICO 
N  =  2263.  MEAN  =  4.51  SIGMA  =  2.61 


C-22 


PERCENT 


PERCENT 


100- 


scH 


6(H 


40H 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTfi-  AUGUST 
ENTIRE  GULF  OF  MEXICO 
N  =  3482.  MEAN  =  4-62  SIGMA  =  2.S 


C-24 


PERCENT 


101 


9CH 


eoH 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DRTfl-  SEPTEMBER 
EASTERN  GULF  OF  MEXICO 
N  =  1732.  MEAN  =  3.96  SIGMR  =  2.06 


C-25 


PERCENT 


100^ 


SJH 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DflTfl-  SEPTEMBER 
WESTERN  GULF  OF  MEXICO 
N  =  1070.  MEAN  =  5-34  SIGMfl  =  2-8 


C-26 


'  2-4  '  4-6  '  6-S  *  3-  1C' 10-12  '  12-14  '  14-16  '  16^ 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DRTfi-  SEPTEMBER 
ENTIRE  GULF  OF  MEXICO 
N  =  2802.  MEAN  =  4-49  SIGMA  =  2-5 


C-27 


PERCENT 


100-1 

80- 

60- 

40- 

1 

2-14  ^  14-16  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTfl-  OCTOBER 
EASTERN  GULF  OF  MEXICO 
N  =  1593.  MEAN  =  5.4G  SIGMA  =  2-74 


j _ 

16+  ' 


C-28 


lOOn 


or. 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DRTR-  OCTOBER 
WESTERN  GULF  OF  MEXICO 
N  =  381.  MEAN  =  7.20  SIGMR  =  2 -S 


C-29 


PERCENT 


100' 


ec- 


soH 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DflTfi-  OCTOBER 
ENTIRE  GULF  OF  MEXICO 
N  =  1974.  MEAN  =  5.79  SIGMfl  =  2.8 


C-30 


’ 2-4 ' 4-6 ' 6-8 ' 8  -  10  ' 10-12  ' 12-14  ' 14-16  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTR-  NOVEMBER 
EASTERN  GULF  OF  MEXICO 
N  =  1273.  MEAN  =  7.67  STGMfi  =  2.73 


16+ 


C-31 


0  -  2  '  2  -  4  '  4  -  6  '  6  -  8  '  8  -  10  '  10-12  '  12-14  '  14-16  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTfi-  NOVEMBER 
WESTERN  GULF  OF  MEXICO 
N  =  394.  MEAN  =  6-55  SIGMfl  =  2.7 


16+ 


C-32 


PERCENT 


100 


9C‘ 


60-1 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTR-  NOVEMBER 
ENTIRE  GULF  OF  MEXICO 
N  =  1673.  MEfiN  =  7.40  SIGMfi  =  2.8 


C-33 


16+  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTR-  DECEMBER 
ERSTtRN  GULF  OF  MEXICO 
N  =  1325.  MERN  r  8-03  SIGMR  =  2.90 


C-34 


PERCENT 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

CEOS  DfiTfi-  DECEMBER 
WESTERN  GULF  OP  MEXICO 
N  =  741.  MERN  =  7.05  SIGMfi  =  3-5 


C-35 


'  2  -  4  '  4  -  e  '  6-8  '  8  -  10  '  10-12  '  12-14  '  14-16  '  16* 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DRTfi-  DECEMBER 
ENTIRE  GULF  OF  MEXICO 
N  =  2066.  MEfiN  =  7.68  SIGMfi  =  3.2 


PERCENT 


tco-1 


sc- 


604 


4(H 


1298 


N 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTfi-  SPRING 
EfiSTERN  GULF  OF  MEXICO 
=  4749.  MEAN  =  5-69  SIGMfi  :=  2-76 


C-37 


0  -  Z  '  2-4  '  4-6  '  6-3  '  3  -  IS  '  IC-IZ  '  12-14  '  14-16  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTR-  SPRING 
WESTERN  GULF  OF  MEXICO 
N  =  12S3.  MEfiN  =  5-84  SIGMfi  _  2=8 


16-»  ' 


C-38 


1702 


^ 2-4 ' 4-6 ' 6-8 ' 3  -  10  ' 10-12  ' 12-14  ' 14-16  ' IST 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DRTR-  SPRING 
ENTIRE  GULF  OF  MEXICO 
N  =  6018.  MEAN  =  5.72  SIGMR  -2.0 


C-39 


PERCENT 


lOOi 


30-1 


6(H 


DISTRIBUTION  OF  WIND  SPEED  IN  NETF.RS  PER  SECOND 

GEOS  DRTfl-  SUMnER 
EASTERN  GULF  OF  flEXICO 
N  =  6281.  MEAN  =  4.46  SIGMA  _  2.44 


C-40 


PERCENT 


DISTRIKUTION  GF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  ORTR-  SUMMER 
WESTERN  GULF  OF  MEXICO 
N  =  220S.  MERN  =  4.71  SIGMR  _  2.4 


C-41 


PERCENT 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  ORTP-  SUMMER 
ENTIRE  GULF  OF  MEXICO 
N  =  8486-  MEAN  =  4.S2  SIGMfi  _  2.4 


C-42 


PERCENT 


4-6  '  6-9  '  S-IO'  lC-1?  '  !2-14  '  14-16  ' 

DISTRIBUilON  CF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  OfiTfl-  FREE 
WESTERN  GUEF  OF  MEXICO 
N  =  1845.  MERN  =  5-99  SICMR  =  2.8 


C-44 


PERCENT 


101 


SC¬ 


SI 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DRTR-  FRLL 
ENTIRE  GULF  OF  MEXICO 
N  =  6449.  MERN  =  5-64  SIGMR  =  2-9 


C-45 


PERCENT 


ICO 


SC4 


60-i 


404 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  CGTfi-  WINTER 
eastern  gulf  of  MEXICO 
N  =  3126-  MEAN  =  7.42  SIC-MR  ^  2.96 


C-46 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DflTfi-  WINTER 
WESTERN  GULP  OF  MEXICO 
N  =  1410-  MEAN  =  7.36  ST  DMA  -  35 


C-47 


PERCENT 


4733  *309 

5*  15 

14-16  ' 

CISTRIBUTtON  OF  WING  SPGt'G  IN  ME'^ERS  PER  SECONG 

fiLL  GEOS  GGTfi 
EASTERN  GULP  OF  MEXICO 
'I  =  1376G.  MEAN  =  5-52  SIGMA  ^  2.9' 


C-49 


PERCENT 


PERCtNT 


I02n 


9CH 


654 


40H 


uISTRIBUTION  Of  WINC  SPEED  IN  METERS  PER  SECOND 

RLE  GEOS  DGTfi 
ENTIRE  GULF  OF  MEXICO 
N  =  2S469-  MEAN  =  S.60  GTCMG  2-9 


C-51 


S  2  5 

12-14  '  14-16  '  16*  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DRTfi-  JULY  1970 
EfiSTERN  GULF  OF  MEXICO 


N  =  1335. 


MEfiN  =  4  .06 


SIGMfi  =  2.44 


PERCENT 


too- 


so- 


so 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DfiTfi-  JULY  1978 
WESTERN  GULF  OF  MEXICO 
N  =  528.  MERN  =  5-30  SIGMfi  =  3-0 


C-53 


PERCENT 


joon 


8C-4 


60-{ 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DATA-  JULY  1978 
ENTIRE  GULF  OF  MEXICO 
N  =  1663.  MEAN  =  4-99  SIGMA  =  2.6 


7 

16*  ' 


C-54 


PERCENT 


too- 

83- 

60- 

40 

ZO 

0 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  OflTR-  AUGUST  1378 
EASTERN  GULP  OF  MEXICO 
N  =  1262.  MEAN  =  4.65  SIGMA  =  2.48 


387  383 


I 


C-55 


0-2  2  -  A  4-6  '  6-8  '  g  -  10  '  10-12  '  12-14  '  14-1^'  16-r-  ‘ 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  OflTfl-  AUGUST  1978 
WESTERN  GULF  OF  MEXICO 
N  =  863-  MEAN  =  4.50  SIGMA  =  1-7 


C-56 


PERCENT 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  DATA-  SEPTEMBER  1978 
EASTERN  GULF  OF  MEXICO 


967. 


MEAN  =  3-88 


SIGMA  =  2.08 


lOOl 


804 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  DATA-  SEPTEMBER  1978 
WESTERN  GULF  OF  MEXICO 
N  =  803.  MEAN  =  5-76  SIGMA  =  2.8 


C-59 


0-2  '  2-4  '  4-6  '  6-8  '  8  -  10  '  10-12  '  12-14  '  14-16  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  DATA-  SEPTEMBER  1978 
ENTIRE  GULF  OF  MEXICO 
N  =  1770.  MEAN  =  4-73  SIGMA  =  2-6 


C-60 


PERCENT 


lOOi 


8C' 


60^ 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  OflTR-  OCTOBER  1978 
ERSTERN  GULF  OF  MEXICO 
N  =  89.  MEAN  =  2.69  SIGMR  =  1-89 


C-61 


PERCENT 


PERCENT 


1 00-1 


00-^ 


60-^ 


GEOS  DPTR-  OCTOBER  1978 
ENTIRE  GULF  OF  MEXICO 


N  =  89-  MEAN  =  2.69  SIGMPI  =  1-9 


C-63 


PERCENT 


100^ 


50^ 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  OflTP-  SUMMER  1978 
EASTERN  GULF  OF  MEXICO 
N  =  3387.  MEAN  =  4.75  SIGMR  =  2.43 


C-64 


PERCENT 


1 00-1 


8C-i 


60-^ 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  OOTR-  SUMMER  1978 
WESTERN  GULF  OF  MEXICO 
N  =  1735.  MEAN  =  4-67  STGMfl  =  2.2 


2 _ 

I6.f  ' 


C-65 


15  8 

12-M  '  14-16  ' 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  DATA-  SUMMER  1978 
ENTIRE  GULF  OF  MEXICO 
N  =  5122.  MEAN  =  4-72  SIGMR  =  2.4 


8 _ 

16*  ' 


C-66 


PERCENT 


lOOi 


ec^ 


604 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DflTfl-  FALL  1978 
EASTERN  GULF  OF  MEXICO 
N  =  1056.  MEAN  =  3-78  SIGMA  =  Z.09 


C-67 


216 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 
GEOS  OflTfl-  FALL  1973 
WESTERN  GULF  OF  MEXICO 
N  =  803.  MEAN  =  5-76  STCMfl  =  2.3 


c-es 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

GEOS  DATA-  FALL  1978 
ENTIRE  GULF  OF  MEXICO 
N  =  1859-  MEAN  =  4-64  SIGMA  =  2-6 


C-69 


^  10-12  '  12-14  '  14-16  ‘ 

DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SEfiSflT  DATA-  JULY 
EASTERN  GULF  OF  MEXICO 
N  =  243-  MEAN  =  2.24  SIGMA  =  0-79 


16+ 


C-70 


PERCENT 


ICO 


K- 


60- 


194 


10-12 


12-14 


1  1 
14-16  '  16+ 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SEflSflT  DATA-  JULY 
WESTERN  GULF  OF  MEXICO 
N  =  287.  MEAN  =  2.59  SIGMA  =  1-6 


C-71 


347 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SERSflT  OflTfl-  JULY 
ENTIRE  GULF  OF  MEXICO 
M  =  b30-  MEAN  =  2.43  SIDMR  =  1-3 


PERCENT 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SL'flSflT  DPTfl-  AUGUST 
EASTERN  GULF  OF  MEXICO 
N  =  482.  MEAN  =  2.53  SIGMA  =  1-35 


C-73 


PERCENT 


0  0  i 


-z  '  2-4  '  4-6^6-8^8  -  10^  10-12  '  12-14^  iFi 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SERSflT  ORTfl-  AUGUST 
WESTERN  GULF  OF  MEXICO 


N  =  381  - 


MEAN  =  3.01 


SIGMA  =  2.1 


C-74 


2  '  2  -  4  '  4-6  '  6  -  S  '  8  -  10  '  10-12  '  12-14  ' 

OrSTRieUTION  OF  WIND  SPEED  IN  METERS  PER 

SEflSflT  DflTP-  AUGUST 
ENTIRE  GULF  OF  MEXICO 
N  =  853-  MEAN  r  2.74  SlGMfl  =  1-7 


14-16  ' 

SECOND 


C-75 


lOO-i 


9C- 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SEflSflT  OflTfl-  SEPTEMBER 
EASTERN  GULF  OF  MEXICO 
N  =  214.  MEAN  r  2.97  SIGMA  :=  1-06 


C-76 


PERCENT 


lOC^ 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SEfiSflT  DATA-  SEPTEMBER 
WESTERN  GULF  OF  MEXICO 
N  =  406.  MEAN  =  3-26  SIGMA  =  1-6 


C-77 


PERCENT 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SEfiSflT  DATA-  OCTOBER 
EASTERN  DULF  OF  MEXICO 
N  =  135-  MEAN  =  2.68  SIGMA  ^  1-37 


C-79 


PERCENT 


PERCENT 


ICO-, 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SEPSflT  DfiTfi-  OCTOBER 
ENTIRE  GULF  OF  MEXICO 
N  =  325.  MEAN  =  2.88  SIGMfl  =  1-4 


C-81 


463 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SEflSflT  DflTfi-  SUMMER 
EPSTERN  GULF  OF  MEXICO 
N  =  72S-  MEfiN  =  2.43  SIGMfl  -  1-20 


C-82 


PERCLNT 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SLflSflT  DATA-  SUMMER 
WESTERN  &ULF  OF  MEXICO 
N  =  660.  MEAN  =  2.83  SIGMA  -  1-9 


C-83 


890 


DISTRIBUTION  OF  WIND  SPEED  IN  METERS  PER  SECOND 

SEflSflT  DATA-  CUMMER 
ENTIRE  GULF  OF  MEXICO 
N  r  1393.  MEAN  =  2.62  SIOMA  =  1-6 


C-84 


PERCENT 


icon 
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